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ABSTRACT
Objectives
To compare patient reported outcomes from before
surgery to 52 weeks after surgery between individuals
undergoing arthroscopic partial meniscectomy for
traumatic meniscal tears and those for degenerative
meniscal tears.

knee injury and osteoarthritis outcome score (KOOS).
The four subscales covered pain, symptoms, sport and
recreational function, and quality of life (KOOS4). A
95% confidence interval excluding differences greater
than 10 KOOS points between groups was interpreted
as absence of a clinically meaningful difference.
Analyses adjusted for age, sex, and body mass index.

Design
Comparative prospective cohort study.

Results
397 eligible adults (42% women) with a traumatic or
degenerative meniscal tear (n=141, mean age 38.7
years (standard deviation 10.9); n=256, 46.6 years
(6.4); respectively) were included in the main analysis.
At 52 weeks after arthroscopic partial meniscectomy,
55 (14%) patients were lost to follow-up. Statistically,
participants with degenerative meniscal tears had a
significantly larger improvement in KOOS4 scores than
those with traumatic tears (adjusted between-group
difference −5.1 (95% confidence interval −8.9 to −1.3);
P=0.008). In the analysis including KOOS4 score at all
time points, a significant time-by-group interaction
was observed in both the unadjusted (P=0.025) and
adjusted analysis (P=0.024), indicating better
self-reported outcomes in participants with
degenerative tears. However, the difference between
groups was at no time point considered clinically
meaningful.

Setting
Four public orthopaedic departments in the Region of
Southern Denmark. Participants were recruited
between 1 February 2013 and 31 January 2014, and at
one of the original four hospitals from 1 February 2014
to 31 January 2015.
Participants
Individuals selected from Knee Arthroscopy Cohort
Southern Denmark, aged 18-55, and undergoing
arthroscopic partial meniscectomy for a traumatic or
degenerative meniscal tear (defined by a combination
of age and symptom onset).
Interventions
Both participant groups underwent arthroscopic
partial meniscectomy for a meniscal tear, with
operating surgeons recording relevant information on
knee pathology. Patient reported outcomes were
recorded via online questionnaires.
Main outcome measures
Primary outcome was the average between-group
difference in change on four of five subscales of the

What is already known on this topic
Arthroscopic partial meniscectomy is routine surgery for both patients with
traumatic and degenerative meniscal tears
High quality evidence shows only marginal short term benefit of arthroscopic
partial meniscectomy above placebo or non-surgical treatment for middle aged and
older individuals with degenerative meniscal tears, but no trial evidence on
patients with traumatic tears
Arthroscopic partial meniscectomy is presumed to improve patient reported
outcomes to a greater extent in individuals with traumatic tears than in those with
degenerative tears

What this study adds
No clinically meaningful difference in improvement in patient reported outcomes
was seen between patients undergoing arthroscopic partial meniscectomy for
traumatic tears and those with degenerative tears
Randomised trials are needed to compare the effect of arthroscopic partial
meniscectomy with non-operative treatment or a sham surgery procedure on
traumatic tears
the bmj | BMJ 2017;356:j356 | doi: 10.1136/bmj.j356

Conclusions
These results question the current tenet that patients
with traumatic meniscal tears experience greater
improvements in patient reported outcomes after
arthroscopic partial meniscectomy than patients with
degenerative tears.
Trial registration
ClinicalTrials.gov identifier NCT01871272.

Introduction
Knee arthroscopy for a meniscal tear is one of the most
commonly performed orthopaedic procedures. Systematic reviews and meta-analyses of randomised trials
have found arthroscopic knee surgery to provide no
better effect than that of placebo surgery, nor any added
benefit to exercise for middle aged and older patients
with degenerative meniscal tears.1 2 Furthermore, no
corresponding randomised trials were identified comparing non-surgical treatment with arthroscopic knee
surgery for patients with meniscal tears of traumatic
origin.2
Traumatic meniscal tears usually occur in an otherwise
healthy meniscus in younger sports active individuals and
can be attributed to a specific event such as a sports related
trauma.3 By contrast, degenerative (non-traumatic) tears
1
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are typically observed in middle aged and older people4
and associated with incipient knee osteoarthritis.5-7 Such
tears are associated with mucoid degeneration8 and
meniscal calcification,9 and risk factors include age,4 high
body mass index,4 10 knee malalignment,11 and occupational kneeling,12 although the cause is not entirely clear.3
Despite differences in symptom onset, meniscal tissue
quality, and age distribution of patients with traumatic and
degenerative tears, the same treatment—arthroscopic partial meniscectomy—has typically been offered for patients
with both tear types.
In most observational studies, meniscal tear type
(that is, traumatic or degenerative) has rarely been
taken into account.13 14 Reports from the early 1980s
suggested poorer results in individuals with degenerative changes undergoing arthroscopic meniscectomy. 15-17 More recent studies investigating the
difference in outcome between individuals with traumatic or degenerative tears have reported conflicting
results. One study, including participants younger than
40 with isolated horizontal tears (a rare tear type in this
population), reported similar outcomes in individuals
with traumatic and non-traumatic tears of this type,
two years after surgery.18 Another study observed similar outcomes at one year after surgery, but poorer outcomes in individuals with degenerative tears than in
those with traumatic tears four years after meniscectomy or meniscal repair.19 However, both these studies
were retrospective and included a limited number of
participants.18 19 Lastly, one larger study reported better
outcomes in individuals with traumatic tears than in
those with degenerative meniscal tears, four years after
surgery. However, the outcomes were assessed at clinical visits or by telephone interview, and not by validated patient reported outcomes measures.20 Taken
together, solid evidence from larger prospective studies
using validated outcomes is lacking to confirm the current presumption that individuals with traumatic tears
have larger improvements in patient reported outcomes
after arthroscopic partial meniscectomy than those
with degenerative tears.
Thus, we aimed to compare patient reported outcomes from before surgery to 52 weeks after surgery
between individuals undergoing arthroscopic partial
meniscectomy for traumatic tears and those with tears
of degenerative origin. We hypothesised that individuals undergoing arthroscopic partial meniscectomy for
traumatic tears would have larger improvements in
patient reported pain, symptoms, function, and quality
of life than those with degenerative tears.

Methods
We followed the strengthening the reporting of observational studies in epidemiology (STROBE) guideline to
report this comparative prospective cohort study.21 The
study has been registered at ClinicalTrials.gov
(NCT01871272).
Participants
Participants from Knee Arthroscopy Cohort Southern
Denmark (KACS) were included for this study.22 KACS is
2

a prospective cohort following adults undergoing knee
arthroscopy for meniscal tears. Participants were
recruited at four different public hospitals in Denmark
between 1 February 2013 and 31 January 2014, and at
one hospital (one of the original four hospitals) from 1
February 2014 to 31 January 2015.
The KACS cohort inclusion criteria were individuals
aged at least 18 years old, referred for knee arthroscopy
on suspicion of a meniscus tear by an orthopaedic surgeon (that is, based on clinical examination, injury history, and magnetic resonance imaging if considered
necessary), able to read and understand Danish, and
who had an email address.
Exclusion criteria were no meniscal tear at surgery,
previous or planned reconstruction surgery of the anterior or posterior cruciate ligament in either knee, fracture(s) to the lower extremities within the last six
months before recruitment, or inability to reply to
online questionnaires (see below) because of mental
impairment.
For the present analysis, only participants aged 55
years or younger at baseline and undergoing meniscal
resection (that is, not repair) at surgery were included.
This age limit was set to minimise the proportion of participants with more advanced stages of osteoarthritis.
Written informed consent was obtained from all participants, although the regional scientific ethics committee of Southern Denmark waived the need for ethical
approval.22

Patient reported outcomes and symptom
descriptions
We collected participant characteristics and information about symptoms using online questionnaires
before surgery (median 7 days, interquartile range 3-10
days) and 12 weeks and 52 weeks after surgery.
Knee injury and osteoarthritis outcome score (KOOS)—
The score consists of five subscales covering pain,
symptoms, function during daily activities, sport and
recreational function, and quality of life. Each subscale
ranges from 0 to 100 points, with 0 representing
extreme knee problems and 100 representing no knee
problems.23 The score was developed with the involvement of patients and is intended for individuals with
knee injuries that can result in post-traumatic osteoarthritis such as meniscus injury, anterior cruciate ligament injury, and chondral injury.23 KOOS4 is the mean
score of four of the five KOOS subscales (that is, excluding the daily activities subscale that is known to display
ceiling effects in younger and more active populations24 ). The KOOS questionnaire has been validated in
individuals undergoing arthroscopic partial meniscectomy,23 25 26 and KOOS4 has been used in trials assessing

the effect of knee surgery.27-29
The present study’s main outcome was the betweengroup difference in change from baseline to 52 weeks in
the mean score on KOOS4. The study protocol and trial
registration stated that change from baseline to 52
weeks on all five KOOS subscales was the main outcome.22 However, before analysis, we decided to use
KOOS 4 as the only main outcome, to simplify
doi: 10.1136/bmj.j356 | BMJ 2017;356:j356 | the bmj
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interpretation. To assist the clinical interpretation of
our main outcome (KOOS4), all five KOOS subscales
were included as secondary outcomes.
Patient acceptable symptom state (PASS) and treatment failure—Additional secondary outcomes were
PASS and treatment failure, 52 weeks after surgery. Satisfaction with current knee function (that is, PASS) was
assessed with the question “When you think of your
knee function, will you consider your current condition
as satisfying? By knee function, you should take into
account your activities of daily living, sport and recreational activities, your pain and other symptoms and
your quality of life” (response options “yes” or “no”).
This question has been used to assess PASS30 in individuals with knee injury.31 Participants not satisfied
with current knee function at 52 weeks after surgery
(who replied “no” to the PASS question) were then
asked to complete a second question relating to treatment failure: “Would you consider your current state as
being so unsatisfactory that you consider the treatment
to have failed?” (response options “yes” or “no”).31
Symptom onset—Symptom onset was assessed with
the question “How did the knee pain/problems for
which you are now having surgery develop (choose the
answer that best matches your situation)?” Response
options were “The pain/problems have slowly evolved
over time,” “As a result of a specific incident (i.e. kneeling, sliding and/or twisting of the knee or the like, i.e.
semi-traumatic onset),” or “As a result of a violent incident (i.e. during sports, a crash, collision or the like, i.e.
traumatic onset).”
Symptom duration—Symptom duration was assessed
with the question “How long have you had your knee
pain/knee problems for which you are now having surgery?”
Mechanical symptoms—Presence and frequency of
mechanical symptoms (that is, the sensation of catching or locking of the knee) was assessed with the question “How often have you experienced catching or
locking of the knee, which is about to undergo surgery?” Five response options ranged from “never” to
“daily”.

Structural pathology
Information about meniscal tear type, tear placement
(medial or lateral compartment), meniscal tissue quality (non-degenerative or degenerative), and cartilage
defects was recorded by the operating surgeon at
arthroscopy. A modified version of the International
Society of Arthroscopy, Knee Surgery, and Orthopaedic
Sports Medicine (ISAKOS) classification of meniscal
tears questionnaire32 was used. Cartilage was also
scored using the International Cartilage Repair Society
(ICRS) grading system.33 ICRS cartilage scores range
from 0 to 4 (0=normal cartilage; 4=very severe cartilage
lesions). The inter-rater reliability for meniscal tear type
and tissue quality has been reported to be good to moderate (κ coefficients of 0.72 and 0.47, respectively)32 and
good for ICRS cartilage grading (intraclass correlation
0.83).34 ICRS cartilage grade scoring from each knee
joint compartment was added together to a 0-12 score
the bmj | BMJ 2017;356:j356 | doi: 10.1136/bmj.j356

for use as a covariate in the sensitivity analysis. Information registered by surgeons on the modified ISAKOS
questionnaire was transferred from paper format to
electronic format by automated forms processing,
which has been validated as an alternative to double
entry of data.35

Categorisation of traumatic versus degenerative
meniscal tears
Traumatic meniscal tears were defined for those participants aged 18-34 and who replied that symptoms
evolved as a result of a specific or violent incident, and
for those aged 35-55 who replied that symptoms evolved
as a result of a violent incident. Degenerative meniscal
tears were defined for those participants aged 18-34 who
replied that symptoms evolved slowly over time, and for
those aged 35-55 who replied that symptoms evolved as
a result of a specific incident or evolved slowly over
time.
The definitions above were changed slightly before
analysis from what was outlined in the study protocol,22
because some participants aged 18-55 were not categorised as having either a traumatic or degenerative tear
by the previous definition. Furthermore, the criterion
on duration of symptoms was relaxed because this was
likely to be affected by referral time to the orthopaedic
department.
Statistics
Descriptive statistics were presented as means with
standard deviations, medians with interquartile ranges,
and numbers with percentages as appropriate.
As reported in the study protocol, a participant flow
with 200 participants in the degenerative group and
100 participants in the traumatic group would provide
0.99 power to detect an eight point difference in KOOS4,
assuming a common standard deviation of 15 and a significance level of 0.05.22 The main outcome (betweengroup difference in KOOS4 change from baseline to 52
weeks) was analysed by a repeated measures mixed
linear model (restricted maximum likelihood estimation (REML)) with patient nested within surgery site as
random effects, and group (traumatic v degenerative
meniscal tears) and time (baseline, 12 weeks, and 52
weeks) as fixed effects.36 We changed to the current
analysis (from the analysis of covariance approach presented in the protocol) because the mixed model
approach (including all available data at all time
points) using REML is considered a valid option to create unbiased parameter estimates and standard errors,
and takes into account that repeated measures are
non-independent.22
Adjusted models included age, sex, and body mass
index as covariates because these were prespecified as
being potential confounding factors. The same analysis
approach was used for all secondary KOOS subscales
analyses. For the main outcome (KOOS4), we also tested
the interaction between group and time to assess the
difference in change over time including all time points.
For all models, residual plots of fixed effects assessed
the normal distribution of residuals and independence
3
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of predicted values. We used plots of best linear unbiased predictions to assess model assumptions of random effects. Results were reported as mean group
scores and differences, with 95% confidence intervals.
The minimal clinically important difference on
KOOS was considered to be 8-10 points.37 In the present study, a 95% confidence interval excluding differences greater than 10 KOOS points between groups
was interpreted as indicating the absence of a clinically meaningful difference between groups, similar to
previous randomised trials using KOOS4 as the primary outcome.27-29 We also conducted sensitivity analyses by using the degree of cartilage defects as a
covariate in addition to age, sex, and body mass index
for the main outcome, and included all participant
characteristics with P<0.10 and a fully adjusted model.
Further sensitivity analyses assessed the robustness of
the results with alternative definitions of traumatic
and degenerative meniscal tears. Lastly, we used a
non-responder imputation approach (that is, baseline
observation carried forward) and a best or worst case
scenario analysis as sensitivity analyses. The best or
worse case scenario analysis involved imputing 25th

Patients invited to KACS cohort (n=1259)
Excluded (n=348):
No reply before surgery (n=148)
Previous ACL or PCL surgery (n=119)
Fracture on lower extremities less than six months before surgery (n=5)
No time to participate (n=8)
No email address (n=18)
Did not understand Danish (n=2)
No reason (n=47)
Not mentally able to reply (n=1)
Replied to questionnaire before surgery (n=911)
Excluded (n=58):
Surgery cancelled (n=39)
Rescheduled to surgery at other hospital (n=19)
Surgery (n=853)
No meniscal injury (n=212)
Patients with full dataset at baseline assessment and meniscal tear at surgery (n=641)
Excluded (n=244):
Meniscal repair (n=41)
Patients aged ≥56 years (n=203)
Patients aged 18-55 years (n=397)

Traumatic tear
Baseline before surgery (n=141)
No reply to questionnaire (n=5)
12 week assessment (n=136)
No reply to questionnaire (n=21)
52 week assessment (n=115)

Degenerative tear
Baseline before surgery (n=256)
No reply to questionnaire (n=11)
12 week assessment (n=245)
No reply to questionnaire (n=18)
52 week assessment (n=227)

Fig 1 | Study flowchart, for participants with traumatic and degenerative meniscal tears.
KACS=Knee Arthroscopy Cohort Southern Denmark; ACL=anterior cruciate ligament;
PCL=posterior cruciate ligament
4

percentile data from p
 articipants with available data
at 12 week and 52 week follow-up for the degenerative
tear group and 75th percentile data from the traumatic
tear group (and vice versa)).
Differences in proportions of participants replying
yes or no to the PASS question between participants
with traumatic and degenerative meniscal tears were
tested by the χ2 test and the calculation of risk differences with 95% confidence intervals. We did similar
analyses to test the difference in proportion of participants with traumatic and degenerative meniscal tears
who indicated treatment failure (“yes” or “no”
responses), from the participants who replied “no” to
the PASS question. Stata 14.1 was used for all analysis.

Patient involvement
No patients were involved in setting the research question or the outcome measures, nor were they involved in
developing plans for recruitment, design, or implementation of the study. No patients were asked to advise on
interpretation or writing up of results. We plan to disseminate the results of the study in lay language in
press and for patient interest groups.
Results
Of 641 participants who replied to the baseline questionnaire and had a meniscal tear at surgery, constituting the KACS baseline sample (fig 1), 244 were excluded
for this analysis owing to meniscal repair (n=41) or
being 56 years or older (n=203). The remaining 397 participants were defined as having a traumatic (n=141) or
degenerative meniscal tear (n=256) according to the
prespecified criteria. At the 52 week assessment, 55
(14%) participants had been lost to follow-up. Participants lost to follow-up were similar to those retained in
the study, although those with traumatic tears (n=26)
self-reported statistically significantly worse outcomes
on most KOOS subscales at the baseline assessment
before surgery (supplementary table 1).
Participants with degenerative tears were on average
older, had a higher proportion of medial meniscal tears,
and had more severe cartilage defects in the medial
tibiofemoral compartment than those with traumatic
tears. Similar levels of self-reported outcomes on all
KOOS subscales were observed between groups at baseline before surgery (table 1).
In the main analysis, the degenerative tear group had
a significantly greater improvement in KOOS4 score
from before surgery to 52 weeks after surgery, compared
with the traumatic tear group (crude mean difference
−5.3 (95% confidence interval −9.1 to −1.5); adjusted
mean difference −5.1 (−8.9 to −1.3); P=0.008; table 2). In
the analysis including KOOS4 score at all time points, a
significant time-by-group interaction was observed in
both the unadjusted (P=0.025) and adjusted analysis
(P=0.024), indicating better self-reported outcomes in
participants with degenerative tears (fig 2 ). At no time
point did the 95% confidence interval exceed the prespecified 10 point difference that was considered clinically relevant. Similar findings of no clinically relevant
difference between groups were observed for all KOOS
doi: 10.1136/bmj.j356 | BMJ 2017;356:j356 | the bmj
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Table 1 | Baseline characteristics of participants with traumatic and degenerative meniscal tears

Age (years; mean (standard deviation))
Female (No (%))
Body mass index (mean (standard deviation))
Symptom onset (No (%)):
Slowly evolved over time
Semi-traumatic
Traumatic
Mechanical symptoms (No (%)):
Never
Monthly
Weekly
Several times a week
Daily
Duration of symptoms (No (%)):
0-3 months
4-6 months
7-12 months
13-24 months
>24 months
Compartment (No (%)):
Medial
Lateral
Both
Tear type (No (%)):
Longitudinal-vertical
Horizontal
Radial
Vertical flap
Horizontal flap
Complex
Root tear
More than one tear type
Meniscal tissue quality (No (%))*:
Non-degenerative
Degenerative
Undetermined
ICRS cartilage grade (No (%))—medial compartment†:
Grade 0
Grade 1
Grade 2
Grade 3
Grade 4
ICRS cartilage grade (No (%))—lateral compartment†:
Grade 0
Grade 1
Grade 2
Grade 3
Grade 4
ICRS cartilage grade (No (%))—patellofemoral compartment†:
Grade 0
Grade 1
Grade 2
Grade 3
Grade 4
KOOS scores (mean (standard deviation))
KOOS 4
Pain
Symptoms
Activities of daily living
Sport and recreational activities
Quality of life

Traumatic meniscal
tear (n=141)

Degenerative meniscal
tear (n=256)

Difference (95% CI) or P

38.7 (10.9)
53 (38)
27.1 (4.9)

46.6 (6.4)
113 (44)
27.6 (4.6)

−7.9 (−6.2 to −9.6)
−7 (−17 to 3)
−0.5 (−1.4 to 0.5)

0
20 (14)
121 (86)

122 (48)
134 (52)
0

<0.001

65 (46)
24 (17)
9 (6)
25 (18)
18 (13)

114 (45)
45 (18)
24 (9)
38 (15)
35 (14)

0.813

41 (29)
16 (11)
34 (24)
21 (15)
29 (21)

45 (18)
78 (30)
55 (21)
40 (16)
38 (15)

<0.001

81 (57)
48 (34)
12 (9)

220 (86)
25 (10)
11 (4)

<0.001

36 (26)
9 (6)
6 (4)
32 (23)
11 (8)
29 (21)
0
18 (13)

37 (14)
17 (7)
21 (8)
64 (25)
13 (5)
78 (30)
1
25 (10)

0.050

87 (62)
45 (32)
9 (6)

99 (39)
151 (59)
5 (2)

<0.001

65 (47)
36 (26)
21 (15)
13 (9)
2 (1)

68 (27)
61 (25)
42 (17)
58 (23)
19 (8)

<0.001

73 (53)
46 (34)
12 (9)
5 (4)
1 (1)

121 (49)
82 (33)
27 (11)
14 (6)
4 (2)

0.736

71 (52)
38 (28)
15 (11)
11 (8)
2 (1)

100 (40)
64 (26)
47 (19)
26 (10)
11 (4)

0.058

46.4 (16.4)
57.1 (20.6)
59.4 (18.6)
66.4 (21.0)
28.4 (23.8)
40.6 (16.5)

45.5 (15.0)
54.4 (17.5)
59.4 (18.9)
63.7 (19.1)
26.5 (21.3)
41.7 (14.8)

0.9 (−2.3 to 4.1)
2.7 (−1.2 to 6.5)
0.1 (−3.8 to 4.0)
2.7 (−1.4 to 6.8)
2.0 (−2.6 to 6.6)
−1.1 (−4.3 to 2.1)

ICRS=International Cartilage Repair Society grading system.
*Missing data on meniscal tissue quality, n=1.
†Missing data on cartilage damage, n=12.

the bmj | BMJ 2017;356:j356 | doi: 10.1136/bmj.j356
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Table 2 | Knee injury and osteoarthritis outcome score (KOOS) for participants with traumatic (TT) and degenerative (DT) meniscal tears, at 12 week and
52 week follow-up after arthroscopic partial meniscectomy
12 week follow-up

Unadjusted KOOS
KOOS 4
Pain
Symptoms
Activities of daily living
Sport and recreational activities
Quality of life
Adjusted KOOS*
KOOS 4
Pain
Symptoms
Activities of daily living
Sport and recreational activities
Quality of life

52 week follow-up

TT (n=136)

DT (n=245)

Difference
(95% CI)

TT (n=115)

DT (n=227)

Difference
(95% CI)

Difference (95%
CI) from baseline
to 52 week
follow-up, TT v DT

57.4 (54.2 to 60.6)
70.4 (67.1 to 73.7)
67.1 (63.8 to 70.4)
77.3 (74.1 to 80.5)
43.8 (39.3 to 48.2)
48.3 (45.0 to 51.7)

58.7 (56.3 to 61.1)
71.2 (68.8 to 73.7)
71.0 (68.5 to 73.4)
78.3 (75.9 to 80.7)
41.6 (38.3 to 45.0)
51.0 (48.5 to 53.5)

−1.3 (−5.3 to 2.7)
−0.8 (−4.9 to 3.3)
−3.8 (−7.9 to 0.3)
−1.0 (−5.1 to 3.0)
2.1 (−3.4 to 7.7)
−2.6 (−6.8 to 1.5)

61.8 (58.5 to 65.2)
71.5 (68.1 to 75.0)
72.3 (68.8 to 75.7)
79.9 (76.5 to 83.2)
49.4 (44.6 to 54.1)
54.5 (51.0 to 58.1)

66.2 (63.8 to 68.7)
77.3 (74.8 to 79.8)
76.3 (73.8 to 78.8)
83.3 (80.8 to 85.7)
51.5 (48.1 to 54.9)
59.9 (57.3 to 62.4)

−4.4 (−8.5 to −0.2)
−5.7 (−10.0 to −1.4)
−4.0 (−8.3 to 0.3)
−3.4 (−7.6 to 0.7)
−2.1 (−7.9 to 3.7)
−5.4 (−9.7 to 1.0)

−5.3 (−9.1 to −1.5)
−8.4 (−12.4 to −4.4)
−4.1 (−8.3 to 0.1)
−6.1 (−9.7 to −2.5)
−4.1 (−9.7 to 1.5)
−4.3 (−8.7 to 0.1)

57.4 (54.3 to 60.5)
70.4 (67.2 to 73.6)
67.1 (63.8 to 70.3)
77.3 (74.2 to 80.3)
43.7 (39.4 to 48.0)
48.3 (45.0 to 51.6)

58.7 (56.4 to 61.0)
71.2 (68.8 to 73.5)
70.9 (68.5 to 73.3)
78.3 (76.0 to 80.5)
41.6 (38.4 to 44.8)
51.0 (48.5 to 53.4)

−1.3 (−5.1 to 2.6)
−0.8 (−4.7 to 3.2)
−3.9 (−7.9 to 0.2)
−1.0 (−4.8 to 2.8)
2.1 (−3.2 to 7.5)
−2.6 (−6.7 to 1.5)

61.9 (58.7 to 65.2)
71.7 (68.3 to 75.0)
72.3 (68.9 to 75.7)
80.0 (76.8 to 83.1)
49.4 (44.9 to 54.0)
54.6 (51.1 to 58.1)

66.2 (63.8 to 68.5)
77.2 (74.8 to 79.6)
76.2 (73.8 to 78.7)
83.2 (80.9 to 85.5)
51.4 (48.1 to 54.7)
59.9 (57.3 to 62.4)

−4.2 (−8.3 to −0.2)
−5.5 (−9.7 to −1.4)
−3.9 (−8.2 to 0.3)
−3.2 (−7.1 to 0.7)
−1.9 (−7.6 to 3.7)
−5.3 (−9.6 to −0.9)

−5.1 (−8.9 to −1.3)
−8.2 (−12.2 to −4.2)
−4.0 (−8.2 to 0.2)
−5.9 (−9.5 to −2.3)
−3.8 (−9.5 to 1.7)
−4.2 (−8.5 to 0.2)

KOOS4 score

KOOS 4 =mean score of four of the five KOOS subscales (excluding the daily activities subscale known to display ceiling effects in younger and more active populations).
*Adjusted for age, sex, and body mass index.
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80
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follow-up

Fig 2 | Mean score of four KOOS subscales (pain,
symptoms, sport and recreational function, and quality of
life (KOOS4)) assessed before arthroscopic partial
meniscectomy (APM), and at 12 week and 52 week
follow-up, for study participants with traumatic (TT) and
degenerative (DT) meniscal tears. Data from model
adjusted for age, sex, and body mass index. Bars indicate
95% confidence intervals. Group-by-time interaction from
crude (P=0.025) and adjusted analysis (P=0.024)

subscales apart from the pain subscale, which crossed
the 95% confidence interval in favour of a larger clinically meaningful improvement in the degenerative tear
group (table 2).
In the sensitivity analysis of the main outcome
(KOOS4), adding the degree of cartilage defects as a
covariate did not change the interpretation of results,
which was similar for analysis including all participant
characteristics with P<0.10 and the fully adjusted analysis (supplementary table 2).
Further sensitivity analyses testing different definitions of traumatic and degenerative meniscal tears did
not change the interpretation of results. Analyses
included different allocation of patients with semi-traumatic tears (supplementary tables 3 and 4), basing the
tear definition on surgeon assessed meniscal tissue
quality alone or in combination with symptom onset
(supplementary tables 5 and 6, respectively), or using
6

the original definition stated in the protocol (supplementary table 7).
We also compared the traumatic and degenerative
tear groups with participants older than 55 (who were
excluded from the present study; supplementary table
8). Again, no clinically relevant differences were
observed between either tear group and the older participant group (supplementary fig 1). Lastly, sensitivity
analysis using null responder imputation and assuming a best or worst case scenario of participants lost to
follow-up did not alter the interpretation of data. However, the best case analysis in the degenerative tear
group and worst case analysis in the traumatic tear
group indicated the possibility of a clinically relevant
larger improvement in the degenerative tear group
(supplementary table 9).
A larger proportion of participants with degenerative
tears were satisfied with their current knee function at
52 week follow-up than those with traumatic tears (63%
v 52%; table 3). However, a similar proportion in both
groups were not satisfied with their knee function at 52
weeks and considered the treatment to have failed (35%
v 41%; table 3).

Discussion
Contrary to current opinion that individuals undergoing arthroscopic partial meniscectomy for traumatic
meniscal tears have greater improvements in patient
reported outcomes than those with degenerative meniscal tears, we found a significantly larger improvement
in KOOS4 scores—indicating better patient reported outcomes—for participants with degenerative tears. However, the difference was small and did not reach the
prespecified level of a clinically meaningful difference
at any time point up to one year, except for the KOOS
pain subscale. A larger proportion of participants with
traumatic tears were not satisfied with current knee
function at 52 week follow-up, compared with
participants with degenerative tears. About 15% of
doi: 10.1136/bmj.j356 | BMJ 2017;356:j356 | the bmj
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Table 3 | Number (%) of participants reporting acceptable symptom states and treatment failure among those with
unsatisfactory symptom state at 52 week follow-up

Satisfied with current knee function (PASS), yes/no response
Treatment failure, yes/no response*

Traumatic meniscal
tear (n=115)

Degenerative meniscal
tear (n=227)

Risk difference
(95% CI)

60 (52)/55 (48)
19 (35)/36 (65)

144 (63)/83 (37)
34 (41)/49 (59)

0.11 (0.01 to 0.22)
−0.06 (−0.23 to 0.10)

PASS=patient acceptable symptom state.
*Self-reported treatment failure among participants with unsatisfactory symptom states (who replied “no” to the PASS question: “When you think of
your knee function, will you consider your current condition as satisfying? By knee function, you should take into account your activities of daily living,
sport and recreational activities, your pain and other symptoms and your quality of life”).

 articipants (53/342) were dissatisfied enough to conp
sider that the treatment had failed, with no difference
between groups.

Strength and weaknesses of the study
No randomised trials have compared the effects of
arthroscopic partial meniscectomy with sham surgery or non-surgical treatment options such as exercise for traumatic meniscal tears.2 Knowledge on the
natural time course of patient reported outcomes
after arthroscopic partial meniscectomy is sparse in
these patients. Most previous studies failed to
account for symptom onset (that is, traumatic or
non-traumatic), patient age, or concomitant injury to
the anterior cruciate ligament.13 14 Early reports suggested better results in the absence of degenerative
changes when undergoing arthroscopic partial
meniscectomy.15-17 More recent studies have shown
conflicting results, but these have been limited by
poor study quality or small sample size.18-20 38 In the
present study, participants were prospectively followed according to a prespecified protocol22 using a
validated patient reported outcome measure,
enabling us to compare the natural time course of
patient reported outcomes in participants with traumatic and degenerative meniscal tears.
No consensus exists on the definitions of traumatic
and degenerative tears, and there is a grey zone between
the two. Therefore, we conducted several sensitivity
analyses testing the robustness of the results by adjusting for meniscal and other structural knee joint pathologies observed at surgery, and by applying different
definitions of traumatic and degenerative meniscal
tears. Even though the level of statistical significance
and the direction of the results varied slightly in these
analyses, there was no clinically meaningful difference
between groups (supplementary material).
The present study was powered to detect an eight
point difference in improvement in KOOS scores
between groups, because 8-10 KOOS points was considered a clinically relevant difference when the study was
planned.37 However, there is no consensus on the specific value that constitutes a clinically relevant difference or change on the KOOS score. Before analysis, we
decided to interpret a 95% confidence interval excluding differences greater than 10 KOOS points between
groups as absence of a clinically meaningful difference,
as has been used in randomised trials comparing surgery with exercise therapy for patients with different
knee pathologies.27-29
the bmj | BMJ 2017;356:j356 | doi: 10.1136/bmj.j356

We excluded participants aged 56 years or older
because these individuals are likely to have more
advanced stages of knee osteoarthritis. Excluding these
participants could have led to better average KOOS
scores in the degenerative tear group, because older age
is associated with worse outcome after knee injury.39
However, sensitivity analysis showed that the KOOS4
time course did not differ between the degenerative tear
group, participants aged 56 years or older, or the traumatic tear group (group-by-time interaction, P=0.080).
Some participants were lost to follow-up. At 52 weeks,
loss to follow-up was 18% and 11% for participants with
traumatic and degenerative tears, respectively. In the
traumatic tear group, participants lost to follow-up
self-reported markedly poorer on four of five KOOS subscales at the baseline assessment before surgery, compared with those who remained in the study. The
direction of the resulting bias due to loss to follow-up of
these participants is uncertain. However, sensitivity
analyses with null responder imputation or assuming
the best or worst case scenario for patients lost to follow-up did not change the overall interpretation of
data.
Participant age and sex distribution in the KACS
cohort is similar to what has been reported for patients
undergoing meniscal surgery in Denmark.40 Nevertheless, participants having meniscal repair at surgery
were excluded because we intended to compare patient
reported outcomes of two distinct patient groups receiving the same type of treatment. Thus, the present
results only apply to individuals having arthroscopic
partial meniscectomy.

Meaning of the study
Participants self-reported substantial impairments on
the KOOS questionnaire before arthroscopic partial
meniscectomy. The levels of self-reported impairments
before surgery were similar to previous reports on individuals with meniscal tears.41 On average, participants
reported improved patient reported outcomes (effect
size >1.0) from baseline to 52 week follow-up. However,
KOOS scores were still substantially lower at 52 weeks
after surgery than population based data from Sweden
on individuals aged 18-54. In particular, participants in
the present study scored more than 25 KOOS points
lower in the subscales of sport and recreational activities and quality of life than population based data.42
Studies on the effect of arthroscopic partial meniscectomy for individuals with degenerative meniscal tears
have shown similar improvements as in individuals
7
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receiving sham surgery,43 independent of the presence
or absence of self-reported mechanical symptoms.44
Exercise was recently shown to be as effective as
arthroscopic partial meniscectomy to improve patient
reported outcomes.29 Systematic reviews and meta-analyses have similarly reported no added benefit of
arthroscopic partial meniscectomy or debridement in
addition to exercise for individuals with degenerative
meniscal tears.1 2
Acknowledging limitations provided by the observational nature of our study, it is noteworthy that the common presumption of better patient reported outcomes
after surgery for younger individuals with traumatic
tears compared with middle aged individuals with
degenerative meniscal tears was not confirmed. Furthermore, almost half of participants with traumatic
tears were not satisfied with their current knee function
one year after arthroscopic partial meniscectomy.
It is unknown whether individuals with traumatic
meniscal tears would have similar improvements in
self-reported outcomes with exercise therapy as
reported for individuals with degenerative meniscal
tears.29 However, in a randomised trial on young,
active individuals with acute injury to the anterior cruciate ligament, of which many had concomitant meniscal injuries, researchers observed a reduced need for
reconstruction of the anterior cruciate ligament in
those who received exercise as first line treatment.28
Avoiding arthroscopic partial meniscectomy could be
important in relation to the risk of later development of
knee osteoarthritis; a recent observational study
reported the procedure to be associated with a greater
risk of cartilage loss and incident knee osteoarthritis.45
Furthermore, patients who have had previous knee
surgery undergo total knee replacement at a substantially younger age than those without previous knee
surgery.46

Unanswered questions and future research
The common presumption that individuals with traumatic tears experience greater improvements in patient
reported outcomes than those with degenerative tears
after arthroscopic partial meniscectomy was not supported by our results. Given the lack of effect of
arthroscopic partial meniscectomy compared with placebo surgery for degenerative meniscal tears,43 and the
positive effects of exercise for patients with degenerative meniscal tears29 and anterior cruciate ligament
injury,28 the efficacy of arthroscopic partial meniscectomy for traumatic meniscal tears should be compared
in controlled trials with placebo or non-operative treatment such as exercise.
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